XPS experiments were carried out in a Kratos AXIS Ultra DLD spectrometer, using a monochromatic Al K radiation (1486.6 eV). High-resolution spectra were collected using an analysis area of ≈ 300μm×700 μm and a 40 eV pass energy. Instrument base pressure was 4×10 −10 Torr. The bending energy scale was calibrated taking C 1s peak at 284.8 eV as reference. High-resolution spectra were collected at the center of the crater using an analysis area of 110 μm in diameter. Electronic Supplementary Material (ESI) for ChemComm. This journal is
Grinding the crystals shows a mixture of two 2H-BaNiO 3-x phases with distinct mixed valent Ni 3/4+ states. The analogy of the refined lattice parameters for those listed in ref [1] after systematic nickel titration in the BaNiO 3-x series gives : for the main phase (a1, c1) BaNiO~2 . 4 and for the second one (a2, c2) BaNiO~2 .5 .
S5: Ba 1.16 NiO 3 Crystal structure refinement
Starting from an hexagonal 2H-ABO3 compound, the reduction of [BO 3 ]  1D-chains of face sharing octahedra (B O ) of the 2H-perovskite, induce the removal of MO 3 units which locally creates a trigonal prism (B P ) in the octahedral chains with stoichiometry A 1+x BO 3 . In the studied system, evidence of the reduction product Ba 7 Ni 4+ 5 Ni 2+ predicted to occur above 600°C was given by single crystal XRD in the sample heated at 700°C and cooled down. The new isolated Ba 1.16 NiO 3 structure presents a sequence of 5 octahedra per 1 trigonal prism with an average nickel oxidation state of +3.666. The structure was refined in Jana2006 2 as a composite, following the methodology proposed in a number of prior works. [3] [4] [5] [6] [7] The crystal structure was treated according to the composite description, for which the strategy and key parameter and relations are well described. [3] [4] [5] [6] [7] In few words the trigonal lattice parameters [NiO] 1-x and [Ba] composite lattices are refined as a= 9.842(1), c 1 =2.5600(6) , c2=4.4082(8). The system is treated with a (3+1)D symmetry considering =c 1 /c 2 =0.58074 ( i.e. 7/12 in a commensurate approximation) and the modulation wave vector of the two composite parts q 1 *=c 2 *=c 1 * and q 2 *=c 1 *= -1 c 2 *. According to the specificities of each lattice, the super space group pair is R-3m(00) : P-3c1(00 -1 ). Finally it is of primordial importance that in this system c 1 and c 2 reflecting the average NiO 6 polyhedron height (averaging P and O) and the mean Ba-Ba interlayer distances, the final composition Ba 1+x (NiO 3 ) is  dependent such that  = (1+x)/2. In our case we find Ba 1.162 NiO 3 (i.e.1/6 in a commensurate approximation). Automatically, one can deduce the ideal (i.e. commensurate) 2x [1P/5O] sequence along c using a 12 fold supercell approximation =7/12 and x =1/6. Using the composite setting, both reflexions of the two sublattices are main reflections and the collected "true" satellites of 1 st and 2 nd orders are due to the interaction between the two lattices. The final R% are 4.97%(all), 3.84% (main), 12.83%(1 st order) and 12.71% (2 nd order) using positional waves of 4 th , 1 st , 4 th orders and thermal parameters waves of 2 nd , 1 st and 0 th orders for the three Ni, O and Ba atoms. The oxygen occupancy is responsible for the octahedral vs. prismatic cavities and was modelled by a Crenel function (width S4 along x4 :  = 0.5, center x4 0 = 0.25) smoothed by one harmonic. 6 Finally the refinement of the crystal structure in a commensurate approximation whatever the origin of t is, seriously damaged the R% values, especially on the satellites (R satt 1st ~16 to 20 %), which the reality of an incommensurate sequence where the 5O/1P sequence is sometimes broken. (4) 
